The scaled boundary finite-element method (SBFEM) by Tao, Song and Chakrabarti [Scaled Appl. Mech. Engrg. 197 (2007) 232-242], is only applicable for wave scattering problems by a structure 9 of homogenous material. In this paper, the SBFEM is extended to deal with the interaction of water 10 waves and porous offshore structure with an opening. The cylindrical structure is considered as a 11 circular cylinder of anisotropic material in the form of variable porosity. A central feature of the 12 newly-extended method is that the non-homogenous term caused by the complex configuration of the 13 structure is processed by introducing a variable porous-effect parameter G. This leads to the final 14 scaled boundary finite-element equation is still homogenous and can be solved in a similar manner.
INTRODUCTION

23
In order to reduce the direct wave impact and resonance from occurring, coastal and offshore to protect coasts and harbours; The concentric porous cylinder system -Ekofisk gravity offshore 29 structure was built with an porous exterior layer to protect interior column in the North Sea
30
(see Figure 1) . However, the understanding of the phenomenon is still far from complete.
subject to the combined free surface boundary condition 114 Φ j,tt + gΦ j,z = 0 at z = 0,
and the bottom condition 115 Φ j,z = 0 at z = −h,
where the comma in the subscript designates partial derivative with respect to the variable 116 following the comma.
117
The velocity potentials can be decomposed by separating the vertical variable z and the in Ω j , in Ω 2 , in Ω 2 ,
where 120 Z(z) = cosh k(z + h) cosh kh .
This procedure leads to the sea bottom condition being automatically satisfied, while the 121 linearised free surface boundary condition is satisfied using the following dispersion relationship 122 ω 2 = gk tanh kh.
The total velocity potential in the outer region Ω 2 is given as a linear sum of the scattered in Ω 2 .
Taylor [16] showed that the fluid flow passing through the porous boundary can be essentially 125 assumed to obey Darcy's law if the boundary is made of fine pores. Hence, the porous flow 126 velocity is linearly proportional to the pressure difference between the two sides of the porous 127 boundary, and the boundary condition on porous cylinder can be expressed as [2] 128 φ 1,n = −φ 2,n = iG(θ)k(φ 1 − φ 2 ) on r = a, 
where r is the radial axis, and i = √ −1.
137
The function φ 1 (x, y) in the bounded domain Ω 1 is governed by the Helmholtz equation 138 with the boundary condition at the interface of fluid and porous cylinder at r = a: 
Equations (11) 
SCALED BOUNDARY TRANSFORMATION
148
In this section, φ 1 and φ S 2 will both be denoted as φ for brevity, and the region Ω j will be 149 denoted as Ω. If the velocity boundary is defined by Γ v , we have
where the overbar denotes a prescribed value.
151
The finite-element method requires the weighted residuals of the governing equation to 
170
Performing the scaled boundary transformation [15], we have
subject to the boundary conditions
where
and |J| is the Jacobian at the boundary
Equation (24) unbounded region Ω 2 , ξ 0 = 1 on the boundary of porous cylinder and ξ 1 = +∞ at infinity.
184
For the boundary-value problem in the bounded region Ω 1 , ξ 0 = 0 and ξ 1 = 1. 
SOLUTION PROCEDURE
186
For a circular cylinder, we have
From Equations (22) 
where I is the identity matrix of rank m.
190
Using Equation (36), pre-multiplying both sides of Equation (24) 
where radiation condition Equation (13), here we select H rj (ζ)T j as a base solution of Equation (38) 196 in the unbounded region Ω 2 .
197
The solution for a 2 (ζ) is then expressed in the series form: 
where "diag" denotes a diagonal matrix with the elements in the square brackets on the main 201 diagonal.
202
Substituting Equation (40) into Equation (38), and using the following properties of Hankel
where the prime and the double prime denote the first and second derivatives with respect to 205 the argument ζ respectively, we have
For any c j H rj (ζ), Equation (46) yields
Let λ j be the eigenvalues of E −1 0 E 2 , then r j = λ j , and T j are the eigenvectors of E
Since the Sommerfeld radiation condition (13) has been satisfied by the Hankel functions, Similar approach is applied to the region Ω 1 . Assume
where c 1 j are coefficients, J rj (ζ) are the Bessel functions of the first kind, and
Again if λ j are the eigenvalues of E −1 0 E 2 , then r j = λ j , and T is the eigenvector of E
Applying boundary condition on the porous cylinder Equation (26), we have
wherev 1n is the vector of nodal total normal velocity in region Ω 1 on the body boundary of 218 porous cylinder.
219
Combining Equations (10), (20), (23), (37), (40), (48), (49) and (53), and noting 
wherev I 2n is the vector of nodal normal velocity of incident wave in the region Ω 2 on the body 221 boundary of the porous cylinder, a 1 (ξ) and a 2 (ξ) are solved as
and G is a diagonal matrix where the value on the diagonal designates the porosity G in the 224 corresponding elements. porous cylinder boundary. From Equations (6), (9), (23), (55) and (56), the approximation of 227 velocity potential in both region Ω 1 and region Ω 2 can be obtained.
228
All the other physical properties of engineering interest including velocity, surface elevation,
229
and pressure can now be determined based on the velocity potentials by Equations (17)-(19).
230
The total force per unit length on the cylinder in the u (u = x, y) direction is then calculated 231 as:
where the function P u (k x , k y , k, a) is the dimensionless parameter of dF u /dz without the term
234
The function P u (k x , k y , k, a) determines the first-order total horizontal force in u direction 235 on the cylinder, F u , which can be obtained by integrating Equations (63) with respect to z,
The total moment about an axis parallel to the y-axis passing through the bottom of the 237 cylinder is the cylinder needs to be discretised. In this paper, the cylinder circumference is discretised 247 with three-node quadratic elements (see Figure 4) . For the physical problems of non-symmetric configurations, whole cylinder needs to be 268 discretised along the circumferential direction, thus the number of required elements doubles. increases, with increases in density of the both amplitude and phase contours. This is mainly 287 due to more physical space for the waves transmitted into the interior region to develop.
288
Amphidromic points come forth when the bounded area is adequately large to form them. respectively. Again, the incident short-crested wave is of equal wave numbers, i.e., k x = k y . It 336 can be seen clearly that the opening location is very sensitive at low ka to the inline forces but 337 much less influence as ka ≥ 2. As shown in Figure 14 , trough attenuation is no longer seen as 
